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[57] ABSTRACT 
An ultrasonic injection nozzle includes an ultrasonic 
generator, an elongated vibrating element, a liquid 
feeder and a solenoid valve. The vibrating element has 
a ?rst and second end. The generator is connected to 
the ?rst end. A multi-stepped edge portion is connected 
to the second end. Each step of the edged portion de 
?nes an edge. The liquid feeder is located adjacent the 
second end. The solenoid valve is in communication 
with the liquid feeder. 

4 Claims, 4 Drawing Figures 
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ULTRASONIC INJECTION NOZZLE 

TECHNICAL FIELD 

This invention relates generally to ultrasonic injec 
tion nozzles, and particularly to electronically con 
trolled gasoline injection valves or electronically con 
trolled diesel injection valves, (2) gas turbine fuel noz 
zles, (3) burners for use on industrial, commercial and 
domestic boilers, heating furnaces and stoves, (4) indus 
trial liquid atomizers such as drying atomizers for dry 
ing liquid materials such as foods, medicines, agricul 
tural chemicals, fertilizers and the like, spray heads for 
controlling temperature and humidity, atomizers for 
calcining powders (pelletizing ceramics), spray coaters 
and reaction promoting devices, and (5) liquid atomiz 
ers for uses other than industrial, such as spreaders for 
agricultural chemicals and antiseptic solution. 

BACKGROUND ART 

Pressure atomizing burners or liquid spray heads 
have been heretofore used to atomize or spray liquid in 
the various ?elds of art as mentioned above. The term 
“liquid” herein used is intended to mean not only liquid 
but also various liquid materials such as solution, sus 
pension and the like. Injection nozzles used with such 
spray burners or liquid atomizers atomizing the liquid 
on the shearing action between the liquid as discharged 
through the nozzles and the ambient air (atmospheric 
air). Thus, increases pressure under which to supply 
liquid was required to achieve atomization of the liquid, 
resulting in requiring complicated and large-sized liquid 
supplying means such as pumps. Furthermore, regula 
tion of the ?ow rate of injection was effected either by 
varying the pressure under which to deliver supply 
liquid or by varying the area of the nozzle discharge 
opening. However, the former method provided poor 
atomization at a low flow rate (low pressure), as a rem 
edy for which air or steam was additionally used on 
medium or large-sized boilers to aid in atomization of 
liquid, requiring moreand more complicated and en 
larged apparatus. On the other hand, the latter method 
required an extremely intricate construction of nozzle 
which was very troublesome to control and maintain. 

In order to overcome the drawbacks to such conven 
tional injection nozzles, attempts have been made to 
impart ultrasonic waves to liquid material while it is 
injected out through the jet of the injection nozzle 
under pressure. 
However, the conventional ultrasonic liquid injecting 

nozzle had so small capacity for spraying that it was 
unsuitable for use as such injection nozzle as described 
above which required a large amount of atomized liq 
uid. ' 

As a result of extensive researches and experiments 
conducted on the ultrasonic liquid atomizing mecha 
nism and the con?guration of the ultrasonic vibrating 
element in an attempt to accomplish atomization of a 
large amount of liquid, the present inventors have dis 
covered that a large quantity of liquid may be atomized 
by providing an ultrasonic vibrating element formed at 
its end with an edged portion along which liquid may be 
delivered in a ?lm form, and have proposed an ultra 
sonic "injection method and injection nozzle based on 
said concept as disclosed in Japanese Patent Applica 
tion No. 59-77572. 
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2 
The present invention relates to improvements on the 

ultrasonic injection nozzle of the type according to the 
invention of the aforesaid earlier patent application. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an ultra 
sonic injection nozzle which is capable of delivering 
liquid either intermittently or continuously. 

It is another object of the invention to provide an 
ultrasonic injection nozzle which is capable of feeding a 
large quantity of liquid and spraying or injecting it and 
which facilitates automatic control of the operation. 

It is still another object of the invention to providean 
ultrasonic injection nozzle which is simple in construc 
tion and in which the pressure required under which to 
supply liquid is noticeably low as compared to the con 
ventional injection nozzle so that the size, weight and 
initial cost of the associated liquid supplying facility 
may be reduced. 

It is yet another object of the invention to provide an 
ultrasonic injection nozzle which is capable of accom 
plishing consistent atomization with virtually no change 
in the conditions of atomization such as flow rate and 
particle size depending upon the properties, particularly 
the viscosity of the supply liquid. 

It is yet another object of the invention to provide an 
ultrasonic injection nozzle which provides for stable 
andsubstantially consistent atomization even at a low 
flow rate, and hence permits a very high turndown 
ratio. 
The aforesaid objects may be accomplished by the an 

ultrasonic injection nozzle according to the present 
invention. 

Brie?y, the invention consists in an ultrasonic injec- 
tion nozzle comprising an ultrasonic vibration generat 
ing means, an elongated vibrating element connected at 
one end to said ultrasonic vibration generating means 
and having an edged portion at the other end, and a 
liquid feeding means provided adjacent that end of said 
vibrating element having said edged portion for feeding 
liquid to said edged portion continuously or intermit 
tently. 
According to one embodiment of the invention, said 

liquid feeding means including one or more liquid sup 
ply passages having its or their outlets opening adjacent 
the upper end of said edged portion. More preferably, a 
solenoid valve is disposed in a conduit leading to said 
liquid feeding means to control the flow of liquid to the 
liquid feeding means. 
According to another embodiment of the invention, 

said liquid feeding means comprises a hollow needle 
valve slidably mounted on said vibrating element adja~ 

' cent that end of the element having said edged portion, 
a liquid supply passage for feeding liquid to said edged 
portion, spring means for normally urging said hollow 
needle valve toward said liquid supply passage to close 
the passage, and solenoid means operable on said needle 
valve to move the needle valve against the biasing force 
of said spring means in a sense to open the liquid supply 
passage. 

Speci?c embodiments of the present invention will 
now be described by way of example and not by way of 
limitation with reference to the accompanying draw 
lngs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of one embodiment of 
the ultrasonic injection nozzle according to this inven 
tion; 
FIG. 2 is an enlarged fractionary view of the edged 

portion of the vibrating element incorporates in the 
nozzle shown in FIG. 1; 
FIG. 3 is a cross-sectional view showing another 

‘ embodiment of the ultrasonic injection nozzle accord 
ing to this invention in its inoperative position; and 
FIG. 4 is a cross-sectional view showing the ultra 

sonic injection nozzle of FIG. 3 in its operative position. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

While the present invention is suitably applicable to 
the various applications as indicated hereinbefore, it 
will be described here with reference to a fuel nozzle for 
a gas turbine. 

Referring ?rst to FIG. 1, an injection nozzle accord 
ing to this invention, which is a gas turbine fuel nozzle 
1 in the illustrated embodiment, includes a generally 
cylindrical elongated valve housing 4 having a central 
bore 2 extending through the center thereof. A liquid or 
fuel feeding means 8 having a through bore 6 in coaxial 
alignment with the central bore 2 of the valve housing 
8 is connected integrally to the lower end of the valve 

“ti-‘housing by means of a retainer 10 in a conventional 
“:manner. 

_ A vibrating element 12 is mounted extending through 
.'.-the central bore 2 of the valve housing 4 and the 
' "through bore 6 of the fuel feeding means 8. The vibrat 
ing element 12 comprises an upper body portion 14, an 
elongated cylindrical vibrator shank 16 having a diame 
ter smaller than that of the body portion 14, and a transi 

~r§§1i0ll portion 18 connecting the body portion 14 and the 
_,;;shank 16. the body portion 14 has an enlarged diameter 
:;-,::~collar 20 therearound which is clamped to the valve 
~;housing 4 by a shoulder 22 formed in the upper end of 
t the valve housing and an annular vibrator retainer 30 
fastened to the upper end face of the valve housing by 
bolts (not shown). 
The shank 16 of the vibrating element 12 extends 

downwardly or outwardly beyond the valve housing 4 
and liquid feeding means 8. The forward end of the 
vibrating element 12, that is, the forward end of the 
shank portion 16 is formed with an edged portion 26. 
The edged portion 26 of the vibrating element 12 may 

be in the form of an annular staircase including five 
concentric steps each de?ning an edge therearound, the 
edges of the steps having progressively reduced diame 
ters, as shown in FIG. 1. However, the edged portion 
may comprise two, three or four or any other number of 
steps. Further, the edges may have progressively in 
creasing diameters; or progressively reduced and then 
increasing diameters, or equal diameters. Of importance 
is it that the forward endof the vibrating element is 
formed with edges. 

Further, as shown in FIG. 2, the geometry such as the 
width (W) and height (h) of each step is such that the 
edge of the step may act to render the liquid fuel ?lmy 
and to dam the liquid flow. 
The fuel feeding means 8 includes one or more cir 

cumferentially spaced supply passages 28 for feeding 
the edged portion 26 of the vibrating element 12 with 
fuel. Fuel outlets 30 of the supply passages 28 open into 
the bore 6 adjacent the upper end of the edged portion 
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4 
26 while inlets of the supply passages 28 are connected 
with each other and in communication with a fuel inlet 
passage 34 formed through the valve housing 4. The 
inlet passage 34 is fed with liquid fuel through an exter 
nal line 36 leading from a source of fuel (not shown). A 
supply valve 38 is disposed in the line 36 to control the 
flow and flow rate of fuel. The supply valve 38 may be 
a solenoid valve and fuel from the source is delivered 
under a constant pressure. The solenoid valve 38 may 
be supplied with electric current to be actuated inter 
mittently whereby the injection nozzle 1 may be em 
ployed as an electronically controlled gasoline injection 
valve or an electronically controlled diesel injection 
valve. 

In the arrangement described above, the vibrating 
element 12 is continuously vibrated by the ultrasonic 
vibration generating means 100 operatively connected 
to the body portion 14, so that liquid fuel is atomized 
and discharged out as it is delivered to the edged por 
tion 26 through the line 36, valve 36, inlet passage 34 
and supply passages 28. 
An example of various parameters and dimensions 

applicable to the ultrasonic injection nozzle as described 
above is as follows: 

Output of ultrasonic vibration 
generating means 10 watts 
Amplitude of vibration of 30 um 
vibrating element 
Frequency of vibration 38 KHz 

Geometry of edged portion of vibrating element 
First step 7 mm in diameter 
Second step 6 mm in diameter 
Third step 5 mm in diameter 
Fourth step 4 mm in diameter 
Fifth step 3 mm in diameter 
Height (h) of each step 3 mm in diameter 
Fuel type of oil Kerosene 
Flow rate 10 cm3/sec 
Injection pressure 5 Kg/cm2 
Temperature Normal temperature 
Material for vibrating element Titanium (or iron) 

FIGS. 3 and 4 illustrate another embodiment of the 
injection nozzle according to this invention. The inven 
tion will be described with reference to a gas turbine 
fuel nozzle in this embodiment as well. 

Referring to FIG. 3, the injection nozzle according to 
this invention, which is a gas turbine fuel nozzle 1a in 
the illustrated embodiment, includes a generally cylin 
drical elongated valve housing 4 having a central bore 2 
extending centrally therethrough. 
The central bore 2 comprises an upper bore portion 

2a, an enlarged diameter bore portion 2b connecting 
with the upper bore portion, and a tapered bore portion 
2c connecting with the enlarged bore portion. 

Slidably mounted in the enlarged bore portion 2b is a 
generally cylindrical hollow needle valve 50 having a 
through bore 51 in coaxial alignment with the central 
bore 2 of the valve housing 4. Connected integrally 
with the upper end of the hollow needle valve 50 is a 
core 52, the purpose of which will be explained herein 
after. The lower end of the needle valve is formed with 
a sloped surface 53 complementary to the tapered bore 
portion 20 of the central bore 2 and cooperative with 
the tapered bore portion to define a liquid fuel feeding 
means or liquid supply passage 40 as shown in FIG. 4. 
The needle valve 50 is normally biased downwardly by 
spring means 55 disposed between the core 52 and an 
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annular shoulder 54 de?ned between the upper bore 
portion 2a and the enlarged bore portion 2b so that the 
sloped surface 53 is urged into sealing contact with the 
wall of the tapered bore portion 20 to close the supply 
passage 40 as shown in FIG. 3. 
A vibrating element 12 is mounted extending through 

the central bore 2 of the valve housing 4 and the 
through bore 51 of the needle valve 50. The vibrating 
element 12, as is described with reference to FIG. 1, 
comprises an upper body portion 14, an elongated cylin 
drical vibrator shank 16 having a diameter smaller than 
that of the body portion 14, and a transition portion 18 
connecting the body portion 14 and shank 16. The body 
portion 14 has an elongated diameter collar 22 there 
around which is clamped to the valve housing 4 by 
means of a shoulder 22 formed on the upper end of the 
valve housing 4 and an annular vibrator retainer 30 
fastened to the upper end face of the valve housing 4 by 
bolts (not shown). - 
The shank 16 of the vibrating element 12 extends 

downwardly or outwardly beyond the tapered bore 
portion 2c and hence the liquid supply passage 40. The 
forward end of the vibrating element 12, that is, the 
forward end of the shank portion 16 is formed with an 
edged portion 26. 
The edged portion 26 is shown here as an annular 

staircase including four concentric steps having p'ro 
gressively reduced diameters, although it may take 
various con?gurations as indicated hereinbefore. 
Mounted in the valve housing 4 adjacent said core 52 

is solenoid means 60 which may be a conventional elec 
tromagnetic coil which is operable, when energized, to 
lift the core 52 and hence the hollow needle valve 50 
upward against the force of the spring means 55. The 
upward movement of the needle valve 50 may be lim 
ited by an annular stop member 57 projecting inwardly 
from the wall of the enlarged bore portion 2b into an 
annular recess formed around the outer periphery of the 
needle valve 50. 
As the needle valve 50 is moved upward by the action 

of the solenoid means 60, the tapered bore portion 2c of 
the central bore 2 cooperates with the sloped surface 53 
of the needle valve to de?ne or open the liquid fuel 
supply passage 40. The outlet 40a of the supply passage 
40 opens into the through bore 51 adjacent the upper 
end of the edged portion while the inlet end 40b of the 
supply passage 40 is in communication with a fuel inlet 
passage 42 which is in turn connected with an external 
line 46 leading from a source of liquid fuel (not shown). 
As is understood from the foregoing, the ?ow of 

liquid fuel may be controlled by turning on and off the 
electric power to the solenoid means 60, and the ?ow 
rate of fuel may also be regulated by controlling the 
amount of electric current supplied to the solenoid 
means. Further, it is to be appreciated that the present 
injection nozzle may be employed either as an electroni 
cally controlled gasoline injection valve or as an elec 
tronically controlled diesel injection valve by energiz 
ing the solenoid means intermittently while the supply 
fuel from the source is maintained at a constant pres 
sure. 

With the construction described above, the vibrating 
element 12 is continuously vibrated by the ultrasonic 
vibration generating means 100 operatively connected 
to the body portion 14, so that upon energization of the 
solenoid means 60 the liquid fuel is atomized and dis 
charged out as it is delivered to the edged portion 26 
through the line 46, inlet passage 42, and supply passage 
40. 
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6 
An example of various parameters and dimensions 

applicable to the ultrasonic injection nozzle as described 
above is as follows: 

Output of ultrasonic vibration 
generating means l0 watts 
Amplitude of vibration of 30 um 
vibrating element 
Frequency of vibration 38 KHz 

Geometry of edged portion of vibrating element 
First step 7 mm in diameter 
Second step 6 mm in diameter 
Third step 5 mm in diameter 
Fourth step 4 mm in diameter 
Height (h) of each step 1.5 mm in diameter 
Fuel type of oil Kerosene 
Flow rate l0 cm3/sec 
Injection pressure 5 Kg/cm2 
Temperature Normal temperature 
Material for vibrating element Titanium (or iron) 

In contrast to the conventional injection nozzle 
which required a fuel supply pressure of 30 to 100 
Kg/cm2, the injection nozzle according to this inven 
tion requires a relatively low pressure of zero to several 
tens of Kg/cmz, providing for reducing the size, weight 
and initial cost of the fuel feeding facility. Furthermore, 
the use of the present injection nozzle makes it possible 
to spray or atomize a large quantity of liquid continu 
ously or intermittently. 

In addition, according to this invention, the flow and 
flow rate of supply liquid may be controlled by electro 
magnetic means so that control of the injection may be 
easily effected and automated. ' 

Moreover, the present injection nozzle is capable of 
consistent automization of liquid even at a low flow rate 
irrespective of the properties of the liquid, and permits 
a very large turndown ratio. 
We claim: 
1. An ultrasonic injection nozzle comprising: 
an ultrasonic vibration generating means; 
an elongated vibrating element having a ?rst and 
second end, said ultrasonic generating means being 
connected to said ?rst end; 

a multi-stepped edged portion being connected to 
said second end of said element, each step of said 
edged portion de?ning an edge; 

a liquid feeding means for feeding liquid to said edged 
portion and being adjacent said second end of said 
element; and 

a solenoid valve in communication with said liquid 
feeding means. 

2. An ultrasonic injection nozzle according to claim 1 
wherein said liquid feeding means includes at least one 
liquid supply passage having a liquid outlet opening 
adjacent said edged portion and for feeding liquid to the 
edged portion. 

3. An ultrasonic injection nozzle according to claim 1 
or 2 wherein said solenoid valve is disposed in a line 
leading to said liquid feeding means to control the flow 
of liquid to said feeding means. 

4. An ultrasonic injection nozzle according to claim 1 
wherein said solenoid valve includes a hollow needle 
valve slidably mounted on said vibrating element adja 
cent said second end of the element, said liquid feeding 
means includes a liquid supply passage for feeding liq~ 
uid to said edged portion, spring means for normally 
urging said needle valve toward said liquid supply pas 
sage to close the passage, and electromagnetic means 
operable on said needle valve to move the valve against 
the force of said spring in a sense to open the liquid 
supply passage. 
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